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ABSTRACT 

PROBLEM TO BE SOLVED: To manufacture a thin film transistor willimii using a 
high temperature heat treatment process, and to stabilize and make uniform 
the threshold voltage of the thin film transistor. 

SOLUTION: A gate electrode 41 and a gate insulating film 42 are formed on a 

substrate 50, a heaving doped impurity polycrystalline silicon thin film 10 

is formed in a manner that it is insulated to the gate electrode 41. Ions, 

with which the impurity element in silicon is inactivated, are implanted on 

a part of the section opposing to the gate electrode 41 of the 

polycrystalline silicon thin film 10. As a result, the carrier 

concentration of the above-mentioned part becomes low, a channel region I 

is formed, and the remaining part becomes a source and drain region 2. 

Accordingly, a thin film transistor, on which the carrier concentration of 

the channel region 1 is controlled in a highly precise manner, is 
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Specification 

(54) Title of Invention: Manufacturing Method of Thin Film Transistor 
(57) Summary 

[Purpose] To manufacture a thin film transistor without a high temperature thermal 
processing process, and to make a threshold voltage V th of the thin film transistor stable and 
uniform. 

[Means for solution] A gate electrode 41 and a gate insulating film 42 are formed on a 
substrate 50, and a poly-crystalline silicon thin film 10 with high impurity concentration is 
formed with the gate electrode 41 insulated. Then, an ion which inactivates impurity 
element in silicon is implanted into one portion facing the gate electrode 41 of the 
poly-crystalline silicon thin film 10. Accordingly, the portion becomes a channel region 1 
because the carrier concentration of the portion is lowered, and the rest become source and 
dram regions 2. Consequently, a thin film transistor wherein the carrier concentration of 
the channel region 1 is controlled precisely is manufactured without a high temperature 
thermal processing process. 

[What is claimed] 

[Claim 1] A manufacturing method of a thin film transistor comprising: 

a gate structure forming process for forming a gate electrode and a gate insulating film; 
a depositing process for depositing a semiconductor thin film with high impurity 

concentration with said gate electrode insulated; and 

a channel forming process for making one portion facing said gate electrode of said 

semiconductor thin film a channel region by ion implanting and making the rest, a source 

region and a drain region; 

wherein an ion implanted in said ion implantation inactivates an impurity element in 
said semiconductor thin film. 

[Detailed Description of the Invention] 
[0001] 

[Field of the invention] The present invention relates to a manufacturing method of a thin 
film transistor, for example used for a switching element of an active matrix type display 
device, furthermore relates in detail to a manufacturing method of a thin film transistor 
wherein an element that a stable and uniform threshold voltoge of each thin film transistor 
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is obtained and a multi-gradation operation is possible can be manufactured without a 

thermal damage on a substrate and with simple process. 

[0002] 

[Prior art] Conventionally, in an active matrix type display device using a material for 
displaying such as liquid crystal ete., a thin film transistor is used as a switching element of 
each pixel. The thin film transistor like this, for example, is mentioned in Japanese Patent 
Gazette of Laid Open No. Sho 63 224258 etc. 

[0003] The conventional manufacturing method of a thin film transistor, in outline, is 
manufacturing a thin film transistor shown in Figure 8 by a flow such as Figure 7. That is 
to say first a gate electrode 51 of the decided shape is formed on a transparent glass 
substrate 50 (a). This gate electrode 51 is made of metal such as molybdenum (Mo) etc or 
poly-crystelline silicon (SO. Then, a gate insulating film 52 is formed on the glass substrate 
50 including this gate electrode 51 by CVD (chemical vapor phase deposition) (b), and a 
channel layer 53 is formed on this gate electrode 51 and the gate insula ting film 52 (c). This 
channel layer 53 is made of amorphous silicon or poly-crystalline silicon, wherein an impurity 
with low concentration is doped. The threshold voltage V* of operation of the thin film 
transistor is decided by the impurity concentration of tins channel layer 53. 
[0004] Next, a channel stopper layer 54 of silicon nitride (SiNj is formed on this channel 
layer 53 by plasma CVD (d). Tins channel stopper layer 54 becomes an etching stopper in 
the subsequent, source and drain processing. Then, the channel layer 53 is etehed into the 
decided shape (e), on which a source and drain layer 55 is formed to the decided shape (0, 
furthermore on which a source and drain electrode 56 is formed to the decided shape (g). hi 
case that the source and drain layer 55 and the source and drain electrode 56 are etched into 
the decided shapes, the channel layer 53 is prevented from etching by the channel stopper 
layer 54. The source and drain layer 55 is made of amorphous silicon or poly-crystalline 
silicon, wherein an impurity with high concentration (the same impurity of pn polarity as the 
channel layer 53) is doped. The source and drain electrode 56 is made of metal such as 
aluminum (AD etc. At last, covering a silicon nitride protective film (Figure is omitted) is 
performed by plasma CVD (h), consequently a thin film transistor device is accomplished. 
[0005] In the thin film transistor manufactured in this way, because the channel layer 53 has 
high resistance for its low impurity concentration, the conductivity between the source layer 
55 and the drain layer 55 is OFF under normal conditions. However, when the voltage V,. is 
applied to the gate electrode 51, the field effect increases the carrier concentration in the 
channel layer 53 so that the resistant value is lowered, consequently the conductivity 
between the source layer 55 and the chain layer 55 becomes ON. The gate voltage V.. causes 
tins ON reverse is a threshold voltage V, h . 

[0006] The manufacturing method mentioned above is that a thin film transistor is 
manufactured by using a transparent glass substrate 50 as a substrate fin- being used for a 
display device, and not using high temperature thermal processing, for example, ion 
implanting and thermal diffusion, because this glass substrate 50 is easily affected by high 
temperature. Accordingly, in forming the channel layer 53 (c), and forming the source and 
drain layer 55 (£>, not a non doped film containing no impurity is deposited, and into which 
an impurity is introduced and diffused subsequently, but a doped film containing an impuritv 
from the first is deposited. 
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[0007] 

[Problems to be solved by the Invention] However, the thin him transistor manufactured by 
said conventional method has problem that the threshold voltage V„, is variable extensively 
The cause is the variable impurity concentration of the channel layer 53. 
[0008] First, for making this reason clear, the relation between the impurity concentration of 
the channel layer 53 and the threshold voltage V th is explained. A thin film transistor of this 
kind operates ON by which the carrier concentration in the channel layer 53 rises up to the 
value enough for conductivity between the source layer 55 and the drain layer 55 by the field 
effect of the gate voltage V B . The gate voltage V B necessaiy for this operation is the 
threshold voltage V t „. The impurity concentration of the channel layer 53 decides the 
original value of the earner concentration, therefore, when the impurity concentration is 
varied, the threshold voltage is also varied. For example, in case that the impurity 
concentration is higher than the normal value, the original cmiier concentration of the 
channel layer 53 is high, consequently the thin film transistor becomes ON by lower gate 
voltage V B . That is to say, the threshold voltage V,i, is lower than the normal value. On the 
- other hand,- in case that the impurity -concentration is lower than the normal value the 
threshold voltage V th is higher than the normal value. Therefore, in order to obtain' the 
precise threshold voltage V*, the impurity concentration of the channel layer 53 needs to be 
uniform. 

[0009] In said manufacturing method, this channel layer 53 is formed by depositing ;.s a 
doped film containing the impurity. However, in a region with low impurity concentration 
the concentration is variable extensively because it is difficult for the device to control the 
concentration. On that point, this method is different from ion implantation wherein the 
number of implanted ions can be controlled precisely. This variation of the concentration 
exists between thin film transistors each other on one substrate as well as between 
substrates. Acan dingly, the threshold voltage V th of each thin film transistor is variable on 
one substrate. Consequently, the number of gradation of display used for a display device is 
limited to about sixty-four, and it cannot be increased any more. 

[0010] The present invention, is accomplished for resolving the problems of the conventional 
technology, and has the purpose to offer a manufacturing method of a thin film transistor 
wherein a threshold voltage V th of a thin film transistor is stable and is obtained uniformly 
[0011] repr ° ducibility without hi ^ h temperature thermal processing process. 

[Means for resolving problems] A manufacturing method of a tliin film transistor concerned 
in the present invention for accomplished said purposes is characterized by comprising: 

a gate structure forming process for forming a gate electrode and a gate insulating film; 
a deposing process for depositing a semiconductor thin film with lugh impuritv 
concentration with said gate electrode insulated; and 

a channel forming process for making one portion facing said gate electrode of said 
semiconductor thin film a channel region by ion implanting and making the rest a source 
region and a drain region; 

wherein an ion implanted in said ion implantation inactivates an impurity element in 
said semiconductor thin film. 

[0012] In this manufacturing method, after a gate electrode and a gate insulating film are 
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formed in a gate structure forming process, a semiconductor thin film with high impurirv 
concentration is deposited in a depositing process. This semiconductor thin film is deposited 
with the impurity concentration having a suitable resistant value for a source region unci V 
dram region of a thin film transistor. This concentration can be controlled precisely b v a 
deposit apparatus, therefore the precision of the impurity concentration in the semimnductor 
thm film is high. Also, this semiconductor thin film is insulated fiom the gate electrode bv 
the gate msulating fibn. Then, ions are implanted into one portion of the semiconductor 
thm film in a channel forming process. The portion into which the ions are implanted is 
further one portion of the portion feeing the gate electrode in the semiconductor thin film 
The ions implanted here inactivates the impurity element in the semiconductor thin film so 
as not to contribute to earner giant. Accordingly the portion into which this ion is 
implanted becomes the channel region of the thin film transistor because the carrier 
concentration is lowered and the resistant value is increased in spite of high impurity 
concentration. The portions where the ions are not implanted in the semiconductor (bin 
film become the source region and the drain region of the thin film transistor. Besides this 
ion implantationrdoes not cause a thermal damage because a heating diffusion processing is 
not performed subsequently 

[0013] The thin film transistor manufactured in this way comprises the channel region which 
is one portion of the semiconductor thin film with high impurity concentration and into 
which the ions inactivating the impurity element are implanted, the source region and the 
drain region that the rest of said semiconductor thin film, the gate electrode facing said 
channel region and being wider than it, the gate insulating film insulating said gate oknl rode 
lrom said channel region, the source region, and the drain region 

10014] In tins thin film transistor, because the carrier concentration is lowered by m»kin«r 
impurity element inactivate by ion implantation in the channel region, the resistant value, of 
this region is high. Accordingly in the normal condition, the conductivity between the 
source region and the chain region is OFF by this channel region. Then, when a voltage vl 
is . applied to the gate electrode, an electric field by the voltage V, on operates the whole 
channel region through the gate insulating film, and of which field effect increases the carrier 
concentration of the channel region, consequently the resistance of the channel region is 
decreased. When the voltage V B reaches the threshold voltage V lh , the conductivitv between 
the source region and the drain region becomes ON. 

[0015] The gate voltage V R necessary for reversing the thin film transistor to ON, that is to 
say, the threshold voltage V th depends on the carrier concentration of the channel region in 
case that the gate voltage V B is zero. This carrier concentration is a concentration of an 

iZVT^T V n ^ ChannGl regi0n> ^ 18 Subtracted concentration 

inactivated by ion implantation in the channel forming process from the impurity 

concentration at depositing the semiconductor thin film with high impurity concentration in 

the depositing process. Besides, becau.se the impurity concentration at deposit can be 

centre led precisely by a deposit apparatus and the number of implanted ions can be 

controlled precisely in ion implantation, the concentration of the active impuritv element in 

the channel region can be controlled precisely and the reproducibibty is high. Consequently. 

^ IT T*" ° f thin mm tra » si *tors are fo ™** on one substrate, the uniformity of 
the threshold voltage V* of each thin film transistor is high. 
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[0016] Besides, xn this thin film transistor, because the channel region, the .source region a»H 
the dram region are formed as one layer of the semiconductor thin film with high L 
concentration, a contact resistance between the channel region and the source and the T 1 
regions is extremely low and a channel length can be shortened. Accordingly ON resist™^ 
is low and high-speed operation is possible. " 
[0017] The followings are explanations by giving preferable situations for accomplishing said 
purpose further satisfactorily. "rag said 

[0018] [Situation l] In a manufacturing method of a thin film transistor of claim 1 , 
manufacturing method of a thin film transistor wherein ion implantotion in said channel 
forming process is performed by patterning with photoresist mask, and an electrode forming 
process ; for forming a source electrode and a drain electrode on a source region and a dram 

tool feT* r S 9 f T SemiC0nd « Ctor ^ Km in said channel forming process is included. 
[0019] [Situation 2] In a manufacturing method of a thin film transistor of claim 1 a 
manufacturing method of a thin film transistor wherein an electrode forming process for 
forming a source electrode and a drain electrode on the portion to be a source region and a 
dram region of » semiconductor thin film deposited in said depositing process is included and 
ion implan ing is performed in said channel toning process using this source electrode and 
the drain electrode as pattern masks. 

[0020] In manufacturing methods of these situations 1 and 2, because a source electrcde and 
. dram electrcde for a source region and a drain region arc formed in an decide f,„ , 
process, an ohnuc contact between the source and the drain regmns and a wiring is obtained 
by the somce electrode and the drain electrode. Especially, in the manufacturing moth "of 
s-tuarion 2 because the sou.ee electrode and the drrin electrade arc ^ as L pa im 
masks a , on nmplantarion, it is not necessary to perform photohthography Z i, " 
ZT£ tIononI ^»» dthe '>»™terof f .imesor p hotoca»bcrcd U ccd. 

[0021] [Sanation 3] In a manufacturing method of a thin film transistor „f situation 1 or 
s-tnatron 2. a manufacturing method of a thin film transistor where,,, a Zung 
process for formmg an etching stopper layer on a portion to ho a channe regi™ 
on3 T, m sa,d depositing pxooess, or on a channel ragim Lid 

I^Tof , T° ndUCt Z ttaa mm in -* <*«™el forming process is included. 
fo,™fL manU&Ct ^g method, the etching stopper layer formed in the stopper 

foimmg prccess prevents the portion to be the channel rcgion of the semiconductor thtafita 
or the channel rag,on formed on the semiconductor thin film fiom being etched TJ* Z " 
electrode layer ■„ an electrode fon»i„g prcce-ss. For, under the condition that he ^lec ^ d" 
layer „ etched, because the semiconductor thin film is also etched fiequently » h »™ 
to prevent ,t fiom being etohed. Thercforc, the timing in performing this X ^ Z , " 
prccess can be beforc the e.ectrcde fornting and also belbrc or after Tmt I o 

MSftT "aU <"» n,m in the channel formmg p^' """" 

0023] [S,tuat,on 4] Id a manufacturing method of a thin film transistor of claim I sa nation 
~ n * « 3 . n manufacturing method of a thin film transistor whe eh a 

--conductor Uun fi,m deputed in said depositing prccess is an .^phoJS^TZ 
o a poiy-crystalhne sUicon thin film, and an ion implanted in said channel finming prcls " 

::tsr ne or not iess than tw ° !mm n «""■<• «»«~ ^. e 
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[0024] In this manufacturing method, an amorphous silicon thin film or a polyery.stelline 
silicon thin film with high impurity concentration can be deposited controlling the impurity 
concentration precisely by a normal depositing apparatus. Si, F and Ar have an operation 
for inactivating the impurity element by which they are ionized and implanted into the 
amoiphous silicon thin film or the poly-crystalline silicon thin film, and arc suitable for 
forming the channel region. 
[0025] 

[Embodiment] An embodiment of the present invention is explained in detail referring to 
Figures. In a manufacturing method of a thin film transistor concerned in each 
embodiment explained below, a large number of thin film transistors are manufactured in a 
matrix shape on a transparent glass substrate for using as switching elements of a liquid 
crystal display device. However, for convenience' sake, only one thin film transistor is shown 
in Figures. 

[0026] First embodiment. This embodiment corresponds to claim 1, situation 1, situation 3 
concerned in situation 1, and situation 4 concerned in situation 1. 

--[00271-Tms-embodiment, as shown in Figure 3, ; fundamentally comprises," forming a gate * 
electrode on a glass substrate (Si), forming a gate insulating film (S2), forming a 
poly-crystalline silicon film as a doped film with high impurity concentration (S3), forming a 
channel region by implanting ions into one portion of this poly-ciystalline silicon film and 
making the rest source and drain regions (S4), forming a channel stopper film covering this 
channel region (S5), removing a superfluous portion of the soma; and the drain regions (SO), 
forming the source and drain regions (S7), last of all, covering the whole with a protective 
film (S8). The following is a detailed explanation using Figure 1 and Figure 2. 
[0028] Figure 1 (a) shows a cress sectional view of the condition to form a gate electrode 41. n 
gate insulating film 42 and a poly-crystalline silicon film 10 with high impuritv concentration 
on a glass substrate 50. Among these forming processes, forming the gate electrode 41 and 
the gate insulating film 42 is a gate structure forming process in claim 1, and forming the 
poly-crystalhne silicon film 10 with high impurity concentration is a depositing process in 

claim 1. 

[0029] First, the gate electrode 41 is formed with metal such as molybdenum etc or 
poly-crystalhne silicon on the glass substrate 50 (Si of Figure 3). This gate electrode 41 is 
formed by depositing a daubed film of metal or poly-crystalline silicon on the glass substrate 
50 with sputtering or CVD, find by processing the film into the decided shape with 
photolithography and etching. In case of using poly-crystalline silicon, an impuritv is made 
to contain for making sure of the conductivity. 

[0030] Next, the gate insulating film 42 is formed on the glass substrate 50 including the gale 
electrode 41 (S2 of Figure 3). The quality of the material of the gate insulating film 42 is not 
minted especially if it is excellent in insulating properties, but it is general to form the film 
using silicon oxide (SiOx), silicon nitride, etc. by CVD. Though the gate insulating film 42 
exists on all the surface of the glass substrate 50 within range of being shown in Figure 1 (a), 
because it is not necessary in the portion except the thin film transistor, for example in the 
portion for forming a liquid crystal element etc., the unnecessary portion is removed by 
photolithography and etching. 

[0031] Successively, the poly-crystalline silicon film 10 with high impurity concentration is 
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formed on the gate insulating film 42 as a daubed film by CVD (S3 of Figure 3). This 
poly-crystalline silicon film 10 becomes a channel region and source and drain regions in the 
thin film transistor, arjd is insulated from the gate electrode 41 by the gate insulating film 42. 
Then, an impurity with the decided concentration is made to contain in this polyciystalline 
silicon film 10 at deposit. This impurity is an element imparting the conductivity to silicon 
such as phosphorus (P), boron (B), etc. The concentration of this impurity is high 
concentration obtaining the suitable conductivity for the source and the drain regions of the 
thin film transistor. Concretely, the poly-crystalline silicon film 10 with high impurity 
concentration is deposited by mixing impurity supplying gases such as phosphine (PH.;) and 
diborane (B-Mc) as an atmosphere gas of CVD at the decided ratio. The reason for making 
this impurity element contain at deposit is that it cannot be made to contain by solid -phase 
diffusion etc. after deposit because the substrate is the glass substrate 50 being easily 
affected by heat. Besides, the poly-crystalline silicon film 10 is used in this case, but an 
amorphous silicon film can be used if it has high impurity concent ration. 
[0032] Figure 1 (a) shows the condition having been to S3. Subsequent Figure 1 (b) shows 
ion implantation forming process in claim 1. 

[0033] First, in order to perforin this ion implantation, a resist mask 61 is patterned by 
photolithography. The resist mask 61 covers the portions to be source and drain regions in 
the poly-crystalline silicon film 10, and has a hole in the portion to be a channel region. This 
hole portion is located over the gate electrode 41 and is narrower Mian the gate electrode. 
Then, the ion implantation is performed in condition that this resist mask Gl exists (S4 of 
Figure 3). The ion implanted here is an ion of element among Si, F, or Ar. These ions have 
functions not making contribute to carrier grant by inactivating the impurity element 
contained in the polyxrystalline silicon film 10. 

[0034] When this ion is implanted, the ion penetrates into the portion where the resist mask 
61 is opened in the polyxrystalline silicon film 10, and the portion becomes a channel region 
1. In this channel region 1, the impurity element is inactivated by the ion implanted, and 
the conductivity is lowered by reducing the carrier concentration. On the other hand, 
because the ion is masked in the portion covered with the resist mask (51, the currier 
concentration of the poly-crystalline silicon film 10 is kept high value at deposit. These 
portions are used for source and drain regions. After the ion implantation, the resist mask 
61 is removed. Besides, because the thermal diffusion is not performed after this ion 
implantation, the glass substrate 50 is not damaged thermally. 

[0035] Next, as shown in Figure 1 (c), a channel stopper 43 of silicon nitride is formed on the 
polyciystalline silicon film 10 by CVD (S5 of Figure 3). The channel stepper 43 is an 
etching stopper for preventing the channel region 1 fi-om being etched in an etching 
processing of the source and drain electrodes mentioned later, and formed so as to cover the 
channel region 1 and to jut out a little ink) the outside. Forming I his channel stepper 43 is a 
stopper forming process in situation 3. 

[0036] Successively, as shown in Figure 2 (a), the unnecessaiy portion of the poly -crystalline 
silicon film 10 is removed by photolithography and etching. Consequently, source and drain 
regions 2 are processed (S6 of Figure 3). Besides, forming the channel stopper 43 of Figure 1 
(c) and processing these source and drain regions 2 can be exchanged in order. 
[0037] Next, as shown in Figure 2 (b), source and drain electrodes 44 are formed on the 
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source and drain region 2 with metal such as aluminum etc. (S7 of Figure 3). Forming these 
source and drain electrodes 44 is performed by forming a daubed film of the metal by 
sputtering or CVD and processing by photolithography and etching. In this etching process, 
because the poly-crystalline silicon film 10 is also etched under the condition of etching the 
source and chain electrodes 44, it is possible that the channel region 1 is damaged so that it is 
necessary, to take measures to prevent it. In this case, the channel stopper 43 performs 
preventing function for protecting the channel region 1. The source and drain electrodes 44 
formed in this way cover the upper side of the source and drain regions, and ohmic contact 
between them can be obtained. Forming the source and chain electrodes 44 is an electrode 
forming process in situation 1. 

[0038] Then, after forming the necessary wiring, as shown in Figure 2 (c), a protective film 45 
of silicon nitride or silicon oxide is formed by CVD and covers the whole (S8 of Figure 3). 
consequently a thin film transistor device is accomplished. 

[0039] The thin film transistor manufactured in this way comprises-' the channel region 1 
which is one portion of the poly-crystalline silicon film 10 with hijdi impurity conconl ration 
and wherein an impurity element is inactivated by performing ion implantation of element 
among Si, F, and Arl the source and drain regions 2 that the rest, of the poly-crystalline silicon 
film 10; the gate electrode 41 facing the channel region 1 and provided wider than the 
channel region l; the gate insulating film 42 insulating the channel region 1 and the source 
and drain regions 2 from the gate electrode 41; and the source mid drain electrodes 44 
coming into ohmic contact with the source and drain regions 2. A large number of the thin 
film transistors of this kind are provided in matrix shape on the glass substrate no, ; ,nd 
operate as switching elements of the liquid crystal display device. 

[0040] The thin film transistor like this has high resistant value of the channel region 1. For. 
in this region, the earner concentration is lowered because the impurity element is 
inactivated by ion implantation. Accordingly in the normal condition, when the voltage is 
applied between the source and drain regions 2 with the source and drain electrodes 44, 
these are not conducted each other. However, when the voltage is applied to the gate 
electrode 41, an electric field by the voltage V B affects the whole of the channel region 1 
through the gate insulating film 42, of which field effect, increases the carrier concentration of 
the channel region 1 and the resistance is decreased. Then, when the gate voltage V„ 
reaches the threshold voltage Vu,, an electricity is conducted between the source and ch ain 
regions 2. That is to say, the thin film transistor is reversed to ON. 

[0041] The gate voltage V K necessary for ON reverse of the thin film transistor, that is to say, 
the threshold voltage V* depends on the carrier concentration of the channel region 1 hi case 
that the gate voltage V„ is zero (hereinafter referred to as an original carrier concentration). 
The original carrier concentration is a concentration of active impurity element in the 
channel region 1, which is subtracted the concentration inactivated by ion implantation (S4 
of Figure 3) from the impurity concentration at depositing the poly-crystalline silicon film 10 
with high impurity concentration (S3 of Figure 3). Because the poly-crystalline silicon film 
10 is deposited with high impurity concentration here, the concentration can be controlled 
precisely at CVD apparatus, and the precision of the impurity concentration of the 
poly-crystalline silicon film 10 is high. Then, the number of ions implanted is controlled 
precisely in ion implantation. Therefore, the original earner concentration in the channel 
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region 1 is precise. Accordingly, the uniformity of the threshold voltage V,„ of each thin film 
transistor formed on one substrate is high. 

[0042] This means that the multi-gradation operation of the liquid crystal display device is 
possible. According to this thin film transistor, the number of gradation of display operation 
on the liquid crystal display device can be not less than 128. 

[0043] Also, in this thin film transistor, because the channel region 1 and the source and 
drain regions 2 are deposited as the poly-crystalline silicon film 10 with higher impurity 
concentration, and the channel region 1 is distinguished from the source and drain regions 2 
by ion implantation, the contact resistance between the channel region 1 and the source and 
drain regions 2 can be almost left out of consideration. Also, the channel length can be 
shortened. Accordingly the resistance at ON reverse is small and high-speed operation is 
possible. Especially, in case of using n type phosphorus eta. as the impurity element of the 
poly-crystalline silicon film, because the mobility of electrons is higher than that of holes, 
furthermore high-speed operation is possible. 

[0044] Besides, forming the channel regionl and the source and drain regions 2 as one layer 
of the poly-crysfallme silicon film 10 in this thin film transistor reduces one time Of 
photolithography and the number of photo mask, therefore, it does not make the 
manufacturing process complicated and is profitable in manufacturing cost. 
[0045] Also, because a high temperature thermal processing such as thermal diffusion etc. is 
not used, a thin film transistor can be formed on a substrate without causing thermal 
damage. Consequently, this method is suitable for forming a thin film transistor as a 
switching element of a liquid crystal display device on a glass substrate affected easily by 
high temperature. 

[0040] According to the first embodiment explained above in detail because I he 
poly-ciystalline silicon film 10 with high impurity concentration is deposited, of which one 
portion is made to be the channel region 1 by performing inactival ion of impurity element 
with ion implantation and the rest is used as the source and drain regions 2, a large number 
of thin film transistors can be manufactured on the glass substrate 50 without, heating up to 
high temperature excessively so as to make threshold voltage V th uniform in simple 
manufacturing process. Besides, in the thin film transistor manufactured in this way, ON 
resistance is low and high-speed operation is possible. Consequent^ multi-gradation 
operation and high speed operation of the liquid crystal display device; are possible. 
[0047] The second embodiment. This embodiment corresponds to claim 1, situation 2. 
situation 3 concerned in situation 2, and situation 4 concerned in situation 2. 
[0048] This embodiment, as shown in Figure 6, fundamentally comprises; forming a gate 
electrode on a glass substrate (Sll), forming a gate insulating film (S12), forming a 
poly-crystalline silicon film as a doped film with high impurity concentration (S13) fbr,nin K :» 
channel stopper film covering a portion to be a channel region in the poly-ciystalline silicon 
Him (S14), removing a superfluous portion (S15), forming source and drain electrodes (Sl(») 
formmg a channel region on one portion of the poly-crystalline silicon film by implanting ions 
and making the rest source and drain regions (S17), last of all, covering the whole with a 
protective film (S18). The following is a detailed explanation using Figure 4 and Figure 5, 
quoting the previous description common to the first embodiment, and emphasizing a point 
of difference. 
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[0049] Forming the gate electrode 41 on the glass substrate 50 (Sll of Figure (i) fin-mi™ , ho 
gate insulating film 42 (S12 of Figure 6), and forming the polyciystalline silicon film K) (.,„ 
amorphous siheon film is possible) with high impurity concentration (S13 of Figure 6) are the 
same as those of the first embodiment (Si to S3 of Figure 3). Figure 4 (a) shows the 
condition having been to S13 and the same structure of Figure 1 (a). 

[0050] Next, as shown in Figure 4 (b), a channel stopper 43 of silicon nitride is formed on the 
poly-crystalline silicon film 10 by CVD (S14 of Figure 6). The channel .stopper 43 is an 
etching stopper for preventing the portion to be a channel region in the polvcrystalJine 
silicon film 10 by ion implantation mentioned later from being etched in an etching process of 
the source and drain electrodes mentioned later, is formed so as to cover the portion and to 
jut out a httle into the outside. This channel stopper 43 and its formation is the same as the 
explained matter by S5 of Figure 3 of the first embodiment (Figure 1 (c)) However in this 
embodiment, a total film thickness of the channel stopper 43 and the polv ciystalline .silicon 
film 10 needs to be thinner than a film thickness of the gate insulating film 42. For ions are 
prevented from penetrating into the glass substrate 50 in ion implantation mentioned later 
[0051] Successively- as shown in Figure 4 (c), an unnecessary portion of the polvcrystall 



silicon film 10 is removed by photolithography and etching (S15 of Figure (5) By (his 
etching, only the portions to be the channel region and the source and drain regions of the 
thin film transistor in the poly-crystalline siheon film 10 remain. This etching corresponds 
to Figure 2 (a) and S6 of Figure 3 in the first embodiment. Besides, limning the channel 
stopper 43 of Figure 4 (b) and this etching process can be exchange in order 
[0052] Then, as shown in Figure 5 (a), the source and drain electrodes 44 are formed with 
metal of aluminum etc. on the portions to be the source and drain regions in the 
polyciystaUine silicon film 10 (S16 of Figure 6). Forming the source and drain electrodes 44 
is performed by forming a daubed film of metal by sputtering or CVD, on which a resist mask 
62 is formed by photolithography, and processing the daubed film by etching. I„ (his ck . h j n ,, 
process, because the polyxiystalline siheon film 10 is etched under the condition of etching 
the source and drain electrodes 44, it is possible that the portion to be the channel region is 
damaged and it. is necessary to take measures to prevent the film from being etched In rhis 
case, the channel stopper 43 performs preventing function for protection of the film The 
source and drain electrodes 44 formed in this way cover the upper side of the portions to be 
the source and dram regions, and ohmic contact between them can be obtained Forming 
the source and drain electrodes 44 is an electrode forming process in situation 2. and 
corresponds to Figure 2 (b) and S7 of Figure 3 in the first embodiment 

0053] Next, the channel region 1 is formed by ion implantation (S17 of Figure 6 and Figure 5 
W. This ion implantation corresponds to Figure 1 (b) and S4 of Figure 3 in the first 
embodiment, and is a channel forming process in situation 2. Therefore the implanted ion is 
the ion of element among Si, F and Ar. In this case, becau.se the resist mask 62 in itself 
made in the previous forming process for the source and drain electrodes 44 masks ions by 
functioning as a stopper against ions, ions are not implanted into the portion to be the soune 
and dram regions and implanted into only the portion to be the channel region in the 
poly-ciystelline silicon film 10. In the portion, the impurity element is inactivated by the 
implanted ion, and the conductivity is lowered by which the carrier concentration is reduced 
consequently this portion becomes the channel region 1. On the other hand, because the ion 
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is masked m the portion covered with the resist mask 62 and the .senna, and drain electrodes 
44, the earner concentration is kept high value at depo.it. These portions are used for tL 
source and dram regions 2. Besides, because thermal diffusion is not performed after t Ms 
ion implantation, the glass substrate 50 is not damaged thermally 

[0054] At this time, the alteration energy of the implanted ion is a low energy that ions i, 
not passed through the gate insulating film 42 in a region outside the resist mask 02 and the 
•source and drain electrodes 44 in Figure 5 (b). Becau.se the glass substrate 50 in this portion 
is covered with only the gate insulating film 42, in case of implanting with too high oner- 
ions penetrate into the glass substrate 50 through the gate insulating film 42. and cause 
unfavorable phenomena as a display device such as cloud of the glass etc. On the other 
hand, energy to some extent is necessary as the implanted ions distribute over the whole 
thickness of the polyciystalline silicon film 10. When the acceleration energy is too low the 
portion where the earner concentration is high remains in the portion a little te the gate 
instating film 42 m a thickness of the poly crystelline silicon film 10, and obstruction in the 

fi IT C S a t T^T " CaUS6d - In ^ ^ " ^--mentioned, because a total 
---filnv tmckness of the channel stopper 43 and the polyciystalline silicon film 10 is thinner 
than a fihn thickness of the gate insulating film 42, the acceleration energy wherein ions do 
not penetrate into the glass substrate 50 and distribute over the whofo thickness of the 
poly-crystalline silicon film 10 can be chosen. 

rTw B ri deS ' i<>n hnplantation is Performed leaving the resist mask 02 as it is in Figure 
o b) but the ,o» implantation can be performed after removing the resist mask 02 For a 

r fthe source and dram eiectrodes 44 ha ™« *» -™ ^ „» ^ 

raTneTreton P ^ ^ the P™*™ portion to he the 

[0056] Then, after forming a necessaiy wiring, a protective film 45 of silicon nitride or silicon 
oxide is formed by CVD as shown in Figure 5 (c), and covers the whole (S18 of F gu " 
consequently a thin film transistor device is accomplished 

hP fi, T" ^ 613X1 tr T iSt ° r mamifactuied * th is way has the same constitution as that of 
the first embodiment. That is to say, it comprises: the channel region 1 which is one pen 

t uri^rt^ SUi ™ mm 10 WltH ^ —ration and J££ Z 

impurity element is mactivated by implanting ion of element among Si, F, and Ar! the source 
and drain regions 2 that the rest of the polyciystalline silicon film 10; the gat^~ 

Ti 1 a i piwided * than the channei * ^ «*■ — - 

e£Zn?27t£ e channel ;r on 1 and the smra and th «"" * *«» g,te 

matiS sh" on tt 1 ^ k™ ^ ° f ,iko « >»™ ded j » 

^^L"^ T' ^ ** embodi - nt - the thin film transistor of the 

Z hil f > Char ~ 1CS that the threshold voltege V,„ of each thin film transistor 

aevice is possible. Besides, becau.se the contact resistance between the channel region 1 and 

an rZZtelZ TV °" ^ ^ " °" *«""^*» the dJS^S 
be shoitened, the thin film transistor of the second embodiment is also the same as the 
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tot one „„ the point Uwt ON resistance is 8mall an( , „;,,, 

Furthermore, needless to say, the channel region 1 and the source and ton relnH 
deposited as one layer of the poly-crystalline silicon film 10, and photolithography oSy fo t T 
ion implantation using the resist mask 62 for the souree and drain pre!' 
or the souree and drain electees 44 themselves as patten, masks is „„? n , ' 
consequently, the manufacturing presses are cut shmp ^ b caleT ' 
temperature thermal phasing is not performed, a thin film transistor 1^ he *" 

fZltpTa^t ^ ^ - * - & < ' -** attod 

[0059] According to the second embodiment explained in detail above the Dolv-ervs, II 

miel regl ° n 1 iS f0rmed by Which inactivation of impurity elemen s 
performed by ,on ^plantation on the portion not covered with the source 
decides 44 m the polyciystalline silicon film 10, and the res, is us < d f "T 

manufactured in this wav ON „«iof ■ " & p ™ sses - ln Hie.thui film transistor 
According tho T J iesistance ls low and high speed operation is possible 
t^rtf ; ♦ mUltl ; gl ' adatl0n ° Peration and W*n*eed operation axe possible 

10061) Also, an exa^r formn ~ TT^ * ^'"^ — fUnCti ""' 

switching element of a ^"t* fT?" " " *~ «*«*»«<> «* ■ - « 

an object easily affected bv u , ' . " m case tnat a thin film transistor is formed on 
that i cm, be app^ formte T? 7 "Tt * * th ""^ 

integrated cireuT For mTl "°" d ^ " f *> «"« dimensio„al 

[0062] affected by high temperature thermal processing. 

— fnvSrsem— rZr" t h f b a b"" — — * - 
inactivation of in^uriTTJZT \ h ' gh " npUri,y <™«>"'™tio„ is de,*,sitod. 

•semiconductor Z to betcT ■ "* ^ J* ™ « — Portion of the 

regions, con„l - 7 T ?" ™* — ~*» ««• *™» 

manu^ctureZ ob^d 7 i^ 1 *"" V * " fc " « 

not used, the ^"^2^ *— • — is 

high temperature. *" ™ ta f ° m,ed « « subs "ate easdy affected by 

fA brief explanation of Figures] 

(Figure 1) Air explanatory view of a manufacturing method of a thin film transistor 
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concerned in the first embodiment. 

[Figure 2] An explanatory view of a manufacturing method of a thin film transit 
concerned in the first embodiment. 

[Figure 3] A figure Showing a flow of a manufacturing method of a thin film transistor- shown 
in Figures 1 and 2. 

[Figure 4] An explanatory view of a manufacturing method of a thin film transistor 
concerned in the second embodiment. 

[Figure 5] An explanatory view of a manufacturing method of a thin film transistor 
concerned in the second embodiment. 

[Figure 6] A figure showing a flow of a manufacturing method of a thin film transistor shown 
m Figures 4 and 5. 

[Figure 7] A figure showing a flow of the conventional manufacturing method of a thin film 
transistor. 

[Figure 8] An explanatory view of the conventional manufacturing method of a thin film 
transistor. 



[Explanations of marks] 

1 channel region 

2 source and drain regions 
10 poly-crystalline silicon film 

41 gate electrode 

42 gate insulating film 
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Formation of channel region by ion implantation 
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Processing of source and drain regions 
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Formation of source and drain electrodes 
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Formation of protective film 
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Formation of gate insulating film 
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Formation of poly-sihcon film with high impurity concentration! 
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